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Abstract
The properties of the complex of ferricyt c with fluorosulfonated polyanion Nafion as a representative ‘hydrophobic’
.polyanion have been studied by means of optical spectroscopy and differential scanning calorimetry. The addition of the
 .polyanion to a solution of ferricyt c pH 7.4 resulted in an expansion of the protein molecule characterized by a profound
decrease in enthalpy of the thermal transition of ferricyt c. The conformational change of ferricyt c upon addition of Nafion
was shown by a perturbation of the Met-80-heme iron bond and an apparent increase in the distance of Trp-59 from the
heme. The conformational change in the heme region was also observed by examining the CD spectra. The conformational
  .state of ferricyt c in a complex with Nafion was similar to that designated as state II by Hildebrandt Hildebrandt, P. 1990
.Biochim. Biophys. Acta 1040, 175–186 in the complex with negatively charged heteropolytungstates — a six-coordinated
low-spin state with a destabilized structure of the heme crevice. The decrease in enthalpy of the thermal transition of ferricyt
c, the spectral changes in absorbance and the CD spectra, together with an increase in Trp fluorescence induced by Nafion
addition observed at high ionic strength, all point to the involvement of the non-coulombic interaction.q 1997 Elsevier
Science B.V. All rights reserved.
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1. Introduction
Cytochrome c mediated electron transfer in the
respiratory chain is tightly coupled to the formation
of a complex with a protein acting as a redox partner.
The binding in this case depends upon the electro-
Abbreviations: DSC, differential scanning calorimetry; CD,
circular dichroism; ferricyt c, ferricytochrome c; cyt c, cy-
tochrome c; Met-80, metionine-80; Trp, tryptophan.
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static attraction between the positively charged groups
located at the exterior surface of the cytochrome c
molecule and the negatively charged groups of the
w xredox partners 1 . While such interactions have been
extensively studied, relatively little attention has been
paid to interactions of another kind, such as H-bond-
ing or hydrophobic interaction. These have to be
considered in order to obtain a more detailed picture
of the equilibria of the protein association.
There is evidence that the interaction of cy-
tochrome c with its redox partners e.g., cytochrome
. w xc oxidase may involve a change in its structure 2 .
However, the properties of such protein complexes
are difficult to examine owing to overlapping signals
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from both redox partners in spectrophotometric mea-
surements. From this point of view, it seems reason-
able to use polyanion molecules as model compounds
for following the binding characteristics of cy-
tochrome c redox partners. In this respect, the inter-
action of polytungstates with cytochrome c was ex-
w x w xtensively studied 3 . Hildebrandt 4 has shown that
polytungstates induce a weakening of the bond be-
tween Met-80 and the heme iron at neutral pH. The
main disadvantage of those studies is the low stability
w xof polytungstates in alkaline solutions 5 . We fo-
cused our attention on linear polyanions such as
heparin, polyglutamate, polygalacturonate which are
stable over a wide range of pH values. It was found
that they shift the pH value of the so called alkaline
transition of cytochrome c towards higher pH values,
similarly to what has been shown with cytochrome c
w x w xoxidase 6 . In another study 7 , heparin was found
to decrease the temperature transition for cytochrome
c, which was similar to the effect of its natural redox
partners. It was concluded that heparin might induce
structural changes in the cytochrome c molecule.
Increasing the ionic strength totally suppresses the
interaction of these hydrophilic polyanions with ferri-
w xcyt c 7,8 , indicating that the non-electrostatic part
of the interaction plays only a minor role in the
creation of the complex. According to the work
performed in micellar media or on negatively charged
membrane surfaces, cytochrome c undergoes some
w xstructural changes as well 9–11 . If so, conforma-
tional changes of the cytochrome c molecule are
w xprobably due to hydrophobic interactions 12,13 .
However, in this case, relatively weak forces exist
among the molecules constituting the micelle. By
incorporating hydrophobic groups in the linear
polyanionic chain, a polyanion comprising both polar
and apolar, covalently connected, regions can be
constructed. Such polyanions might mimic some of
the real events in the interaction between proteins.
In this paper the formation of a complex between a
‘hydrophobic’ polyanion Nafion polyfluorinated
.polysulfonate and ferricyt c is described. The result-
ing structural modifications evoked in a complexed
ferricyt c have been investigated by means of absorp-
tion, fluorescence and CD spectroscopic techniques
and by differential scanning calorimetry. Futhermore,
we have investigated the effect of ionic strength on
the complex formation.
2. Materials and methods
Horse heart cytochrome c, type III, was obtained
from Sigma Chemical and was used without further
purification. Hepes was from Serva, Nafion from
Aldrich either in membrane form or in 5% weight
.solution in lower aliphatic alcohols with 10% water .
 .Other chemicals were obtained from Lachema Brno .
The solubilization of commercially available
Nafion membranes was performed according to We-
w xber 14 . A 300 mg membrane of Nafion 117 was cut
into fine strips and placed in 30 ml N, N-dimethyl-
 .  .acetamide DMAA Aldrich under reflux. The mag-
netic stirrer was turned on and the temperature of the
mixture was kept at 1658C the boiling point of
.DMAA for 12 h, after which the solution was cooled
down. The portion of undissolved Nafion was sepa-
rated from the mixture by centrifugation. DMAA was
removed by dialysing the solution against distilled
 .water 2 l adjusted to pH 8–9 for twice 6 h. A more
concentrated solution was obtained by evaporation of
some water. The concentration of Nafion estimated
from the dry weight of 100 ml solution was 34.6
mgrml. Identical results were obtained with both
probes of Nafion. The structure of Nafion is not
generally known, therefore it is schematically de-
w xpicted 15 as:
Absorption and fluorescence measurements were
performed with a solution of 8.4 mM cyt c in the
. Soret region or with 33.2 mM cyt c in the region of
.  .500–800 nm containing 10 mM Hepes pH 7.4 , 20
 .mM K Fe CN ,. The ionic strength was changed by3 6
addition of NaCl. CD measurements were performed
 .in a solution containing 10 mM phosphate pH 7.4 ,
 .20 mM K Fe CN , 28.3 mM cyt c. For samples3 6
measured in the 250–450 nm region a 1 cm path
length cuvette, for the 190–250 nm region a 0.5 mm
cuvette were used.
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Fluorescence measurements were performed on a
SHIMADZU RF-5000 spectrofluorophotometer. The
excitation wavelength was 290 nm.
Spectrophotometric observations were performed
on a SHIMADZU UV-3000 spectrophotometer and
CD measurements on a Jasco J-600 spectropolarim-
eter. The temperature of the cell compartments was
kept constant at 258C by water circulation, pH was
changed by adding concentrated NaOH or HCl. The
pH values were measured with a Sensorex glass
electrode.
All measurements were performed after a steady
state level of absorption or fluorescence was estab-
lished.
DSC measurements were made on a high-sensitiv-
ity DASM-4 microcalorimeter at a heating rate of 1
Krmin. The protein concentration was 110 mM.
Prior to use, cyt c was converted to the fully
 .oxidised form by addition of K Fe CN The con-3 6.
centration was determined spectrophotometrically
w x16 .
3. Results
3.1. Spectroscopic characterisation of the ferricyt
c-Nafion complex
3.1.1. Absorption spectra
 .In a medium of a low ionic strength pH 7.4 ,
spectral changes upon addition of Nafion to ferric
cytochrome c, took place in two steps, first from a
native low spin form to another low spin species and
ultimately to a high spin like spectrum. In the first
step, the transition to another low spin state, the
difference spectrum exhibits a maximum at 406 nm
and a minimum at 419 nm. In the region of 500–800
nm two absorption minima at 538 nm and 695 nm are
 .evident Fig. 1 . Since no absorption band at 630 nm
could be observed, ferricyt c apparently remains in a
low spin state. A steady state level of absorbance can
be obtained at the Nafion concentration of 0.20
mgrml. Under these conditions ferricyt c still re-
mains in a low spin state. An incremental addition of
Nafion causes an appearance of the band at 630 nm,
clearly indicating that ferricyt c changes to a high
spin state. Simultaneously a new broad absorption
band appears at 370 nm. The minima at 419 nm and
Fig. 1. Absorption difference spectra of ferricytochrome c in the
presence of Nafion 0.2 and 0.8 mgrml in the Soret and in the
.  . 500–800 nm region, respectively dashed line 0.4 and 1.6
.  . mgrml solid line in a medium of low ionic strength 10 mM
. Hepes, pH 7.4 and in high ionic strength 10 mM Hepesq0.5 M
.  .  .NaCl, pH 7.4 0.5 mgrml of Nafion dotted line .
538 nm are more intense at the high Nafion concen-
 .tration Fig. 1 . The dependence on the Nafion con-
centration of changes in the difference absorption
spectrum of ferricyt c in the Soret region at pH 7.4
are given in Fig. 2A. The dependence of the high
spin state formation on Nafion concentration is dis-
played in an inset of Fig. 2A.
The Nafion substance is easily soluble in water at
 .pH 7.4 solubility at least 50 mgrml and it com-
prises hydrophilic, negatively charged groups on its
surface, so it may be expected that some coulombic
attraction between this polyanion and cytochrome c
occurs. The addition of Nafion to ferricyt c at high
 .ionic strength 0.5 M NaCl, pH 7.4 brings about
only a transition from a native low to another low
spin state, according the difference spectrum in the
 .Soret region Fig. 1 . The Nafion concentration de-
pendence of changes in the difference absorption
spectrum of ferricyt c at a high ionic strength is
shown on Fig. 2B. The steady state level of spectral
changes at the high ionic strength occurs at slightly
 .increased concentration of Nafion 0.34 mgrml in
comparison to the low ionic strength. The spectral
changes are only partially suppressed in the medium
of the high ionic strength, as can be seen from the
inset in Fig. 2B where the relative difference at
406–419 nm at the high in comparison to the low
ionic strength are displayed. At the high concentra-
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 .  .Fig. 2. A: Dependence of normalized difference in electronic absorption spectrum at 406–419 nm ‘ , at 695 nm v and normalized
 .  . fluorescence emission at 340 nm I on Nafion concentration at low ionic strength solution 10 mM Hepes, pH 7.4 inset: generation of
.a high spin form of ferricyt c as followed from spectral difference at 630–587 nm . B: Dependence of normalized difference in
 .  .absorption spectrum at 406–419 nm ‘ and normalized fluorescence emission at 340 nm v on Nafion concentration at high ionic
 .   .strength 10 mM Hepesq0.5 M NaCl, pH 7.4 inset: comparison of the range of spectral difference in the Soret region in the low \
 . .and the high % ionic strength media .
tion of ferricyt c and Nafion the mixture exhibits
light scattering which makes the examination of rela-
tively small changes in the spectral region between
500–800 nm impossible.
On examining the conditions for generation of the
high spin form we found that the appearance of high
spin state of ferricyt c in the complex with Nafion is
also dependent on the pH of the reaction mixture.
From the pH titration performed at low ionic strength
in the Soret region the apparent pK of the transition
from the low to the high spin state was 7.0 in the
 .presence of 0.25 mgrml Nafion not shown .
3.2. Tryptophan fluorescence measurements
Fig. 3 presents fluorescence emission spectra for
cytochrome c at pH 7.4. Cytochrome c contains one
tryptophan residue localized in the vicinity of the
heme, which is responsible for a strong quenching of
 .the tryptophan fluorescence curve 1 . The increase in
the Trp distance from the heme results in an increase
in the fluorescence intensity and this can be used to
detect subtle structural changes occurring around the
w xheme 17 . Upon addition of 0.35 mgrml of Nafion
 .sufficient to put ferricyt c in the high spin state
 .curve 3 a slight increase in the fluorescence inten-
sity could be observed. The increase detected in the
fluorescence emission of cyt c in the presence of
Nafion is relatively small in comparison to the fluo-
rescence of the free Trp at a concentration equal to
 .that of cyt c curve 4 . A difference was also ob-
served in the spectral maximum position. The maxi-
mum of the fluorescence emission of ferricyt c in the
presence of Nafion was shifted to a shorter wave-
 .  .length 340 nm than that of free Trp 350 nm ,
which suggest the existence of a partially preserved
hydrophobic environment around the Trp residue in
w xferricyt c in the presence of Nafion 18 . At high
 . ionic strength 0.5 M NaCl ferricyt c in low spin
 . Fig. 3. Fluorescence of ferricyt c 10 mM Hepes, pH 7.4 curve
.  . 1 , ferricyt cqNafion 0.4 mgrml in high 10 mM Hepesq0.5M
.  . NaCl, pH 7.4 curve 2 and low ionic strength 10 mM Hepes,
.  .pH 7.4 curve 3 compared with the fluorescence of free trypto-
 .phan with the same concentration curve 4 . FrF , relative0
fluorescence with respect to free tryptophan, 8.3 mM.
( )E. Sedlak et al.rBiochimica et Biophysica Acta 1319 1997 258–266´262
.state the fluorescence intensity of cytochrome c
increases on addition of Nafion to only 70% of that
 .detected at low ionic strength curve 2 .
3.3. Circular dichroism spectra
Cytochrome c exhibits a characteristic CD doublet
in the Soret region: the intensity of the negative band
w xat 417 nm depends on heme-protein interactions 19
or, more exactly, on the distance and orientation of
the phenylalanine residue positioned on the methion-
w xine side of the heme plane 20 .
The addition of Nafion to ferricyt c caused the
loosening of the negative Cotton effect of ferricyt c
in the Soret region, at both the low and the high ionic
 .strength Fig. 4 . In the high ionic strength medium,
however, the effect of Nafion on the CD spectra is
not so outstanding: the intensity of the positive CD
band is comparable to that of native ferricyt c. On the
other hand, as in the low ionic strength medium, the
negative CD signal is not observed. The positive CD
signal in the Soret region may be attributed to a
weakening of the heme-protein interactions: the heme
crevice partially opens. In the aromatic region the
bands of ferricyt c at 282 and 288 nm, which reflect
w xtryptophan-59 surroundings 19 , are lost due to inter-
action with Nafion. The bands at 282 and 288 nm
partially reappear at high ionic strength and this
effect coincides with a decrease in fluorescence of
 .Trp-59 under the same conditions Fig. 3 .
The effect of Nafion on the intrinsic absorption of
ferricyt c could not be observed below 220 nm due to
the extensive absorption of the substance itself. From
the comparison of CD spectra of ferricyt c in the
presence of Nafion with that of native ferricyt c, it
appears that the band at 220 nm, the intensity of
which reflects the amount of a-helix present in the
protein, has decreased to the same extent in the low
as well as in the high ionic strength media.
3.4. Differential scanning calorimetry
Fig. 5 shows thermograms of ferricyt c in the
presence of increasing concentrations of Nafion and
polyglutamate, as representatives of the two groups
 .of polyanions see Introduction , in 10 mM phosphate
 .buffer pH 7.4 . The addition of lower concentrations
of polyglutamate to ferricyt c gives rise to two peaks:
one at about the transition temperature of free cyt c
and the other at a much lower temperature T sm1
.648C . While the temperature of the transition at the
lower temperature remains constant, the transition
temperature of the free ferricyt c at higher tempera-
ture decreases slightly with incremental polygluta-
mate concentration. The rise in polyglutamate con-
centration increases the thermal enthalpy of transition
 .the area below the new peak of the lower tempera-
ture transition and decreases the enthalpy of transi-
tion of the original one. From the thermodynamic
point of view this probably means that polyglutamate
 .  .Fig. 4. Circular dichroism spectra of ferricyt c thick line , ferricyt cqNafion in low ionic strength medium 10 mM phosphate, pH 7.4
 .  .  .dotted line and ferricyt cqNafion in high ionic strength solution 10 mM phosphateq0.5 M NaCl, pH 7.4 thin line measured in
 .  .  .intrinsic left , aromatic middle and Soret right region. The protein and Nafion concentration was 28.3 mM and 1.4 mgrml,
respectively.
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binds strongly to the compact form of ferricyt c
characterized by T s648C. A small reduction ofm1
 .T about 38C of the free ferricyt c at the lowerm2
polyglutamate concentration is probably due to the
interaction of denatured ferricyt c-polyglutamate
complex with the free cytochrome c. The diminution
of the enthalpy of the transition at the higher temper-
ature might be explained by a lower concentration of
free ferricyt c.
On the other hand, in the presence of Nafion, there
are slight shifts of the transition temperature of free
 .cyt c to lower values about 28C as were observed
with polyglutamate. Simultaneously, the enthalpy of
the transition decreases, but it does not result in the
 .generation of a new peak Fig. 5B . This accounts for
the fact that Nafion binds strongly to ferricyt c form
which has no thermal transition. In accordance with
our results obtained by optical measurements, we
suggest that the conformation of ferricyt c in the
presence of Nafion is expanded, with partially pre-
served secondary and tertiary structure, i.e., clearly at
variance with the denatured state of ferricyt c. On the
contrary, the effect of a denaturing agent is different
 .Fig. 5. A: DSC scans 1 Krmin of ferricyt c in 10 mM Hepes,
pH 7.4, on incremental additions of polyglutamate: 0, 0 mgrml;
1, 0.05 grml; 2, 0.11 mgrml; 3, 0.22 mgrml. B: DSC scans 1
.Krmin of ferricyt c in 10 mM phosphate buffer, pH 7.4, on
incremental additions of Nafion: 0, 0 mgrml; 1, 0.23 mgrml; 2,
0.46 mgrml; 3, 1.64 mgrml. The protein concentration was 110
mM.
Fig. 6. Change in the calorimetric enthalpy of thermal transition
of ferricyt c in relation to Nafion concentration in low 10 mM
.  . phosphate, pH 7.4 ‘ and high 10 mM phosphateq0.5 M
.  .NaCl, pH 7.4 v ionic strength media. The protein concentra-
tion was 110 mM.
from the cases above. The addition of urea to ferricyt
c induces a gradual decrease in the transition temper-
 .ature more than 208C with a simultaneous diminu-
 .tion of the enthalpy transition not shown , as was
w xalso observed in the case of some other proteins 21 .
The distinct effect of urea on ferricyt c in compari-
son with the effect of polyanions may be demon-
strated by the fact that the ferricyt c structure is
largely affected only in the presence of much higher
concentration of urea, whereas the polyanions affect
the protein conformation at a concentration compara-
ble to that of protein. Ferricyt c may occupy a
number of distinct conformations on increasing urea
concentration. On the other hand, the presence of
polyglutamate as well as the presence of Nafion
evidently modulates ferricyt c only in a narrow range
of thermodynamically identical conformations.
Fig. 6 shows the dependence of the calorimetric
enthalpy of thermal transition of ferricyt c on the
concentration of Nafion at the low and the high ionic
strength. In both cases the calorimetric enthalpy de-
creases with increasing concentration of Nafion, how-
ever, the decrease is significantly stronger at low
ionic strength. This finding is in agreement with our
results obtained by means of optical spectroscopy. It
supports our assumption that, at low ionic strength,
ferricyt c in the complex with Nafion is in the high
spin state, the structure of which is more disturbed
than that of the low spin state in the high ionic
strength solution. A lack of electrostatic interaction,
however, does not prevent the formation of the ferri-
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cyt c-Nafion complex, which indicates the participa-
tion of a non-electrostatic interaction between Nafion
and ferricyt c.
4. Discussion
The polyanions can be divided into two groups
according to their effect on oxidised cyt c: the
polyanions not affecting the bond of Met-80 with the
heme iron at neutral pH and the polyanions acting in
such a way that this bond is broken. The former type
 .8y w xincludes polytungstates such as SiW O 3 ,11 39
w x w xheparin 8 and polyglutamate 6 , the latter comprises
 .27y w xpolytungstates of the KAs W O type 3 and,4 40 140
as we show in this study, the polyfluorinated polysul-
phate-Nafion.
w xIt was shown by Hildebrandt et al. 4,22 that
ferricyt c bound to negatively charged heteropoly-
tungstates and other types of charged interface phos-
.vitin, cytochrome b exists in two conformational5
states, I and II. In the state I, the structure seemed to
be the same as it was in the uncomplexed heme
protein, while in the state II three distinct co-ordinated
configurations coexist. These forms are a six-coordi-
nated low-spin, a five-coordinated high spin and a
six-coordinated high-spin form. A detailed analysis of
the resonance Raman spectra revealed that in the
state II the heme pocket exhibits an open structure,
leading to a significantly higher flexibility of the
heme group in comparison to the native ferricyt c.
Ferricyt c complexes with polyanions such as
heparin and polyglutamate and ferricyt c complexes
with cyt c oxidase show similarity in electronic
spectra, similar values at pK of alkaline transitiona
w x6 and of denaturation temperature measured by
w xDSC 7 . Both heparin and polyglutamate are highly
charged polyanions, so it seems reasonable to antici-
pate that their interaction with ferricyt c consists
mainly of electrostatic interactions. The interaction of
ferricyt c with polyanions of this type is totally
abolished by increasing the ionic strength of the
w xreaction media 7,8 .
The positive CD signal in the Soret region, the
attenuation of the signal at 220 nm in the intrinsic
CD, moderate change in fluorescence, the lack of a
630 nm band — the marker of high-spin state —
 .27yobserved in the presence of KAs W O as4 40 140
representative of the latter group of polyanions have
all been proven by us in the presence of Nafion.
These results suggest that the structure of ferricyt c
in a complex with Nafion may be similar to that of
state II — namely a six-coordinated low-spin form
with a disturbed heme moiety.
Nafion as a fluorosulfonated polyanion consists of
two structurally different parts: the sulphonic and the
fluoride groups. It was tempting to asses which part
of the Nafion molecule is responsable for the changes
found in the difference spectrum of ferricytochrome
c. Trifluoroacetate and sulphate anions were chosen
to mimic the effect of Nafion on ferricyt c as model
compounds. Their addition to the ferricytochrome c
solution at pH 7.4 brought about no significant
change, neither in the absorption spectrum nor in the
intensity of fluorescence, even at concentrations as
high as 60 mgrml. We are inclined to assume that
structural changes in the cytochrome c induced by
Nafion are due to cooperative interactions among
some groups situated on the polymer chain and the
protein.
Considering the existence of isobestic points in the
difference spectra of the transition from the neutral
low spin state to the second, Nafion-induced, low
spin state of ferricyt c and considering the dependen-
 .cies on Nafion concentration Fig. 2A of the normal-
ized difference in electronic absorption spectrum at
406–419 nm and the normalized fluorescence we are
led to conclude that structural changes in the heme
vicinity and in the Trp region take place concomi-
tantly, therefore we suppose the cooperative two state
transition of ferricyt c. Unambiguous evidence for a
two state transition is the observation of two distinct
forms of ferricyt c by separating methods in the
presence of an unsaturated concentration of Nafion:
the free ferricyt c and the complex ferricyt c-Nafion
without intermediates. However, the use of these
methods is problematic in the case of inhomogeneous
polymers such as Nafion.
The successive transition from the second low spin
to the high spin state may be observed in the absorp-
 .tion spectrum inset Fig. 2A . In this case no change
related to this transition was detected in the fluores-
 .cence spectra Fig. 2A , which indicates a local na-
ture of this transition. As was observed in the the low
ionic strength solution, a two state cooperative transi-
tion from the initial low to the second low spin state
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of ferricyt c probably operates also at the high ionic
 .strength Fig. 2B , although the transition to the high
spin state of ferricyt c is not observed under these
conditions. A more exact determination of binding
parameters was impossible in our study because of
the molecular weight inhomogeneity of the polyan-
ion.
The spectral changes of ferricyt c resulting on
addition of Nafion to ferricyt c are following — the
diminution of the negative band at 417 nm in the CD
spectrum, the shift of Soret band to UV region a
greater shift and in opposite direction to that found in
w x.the presence of heparin or polyglutamate 6 , the
diminution of the band at 695 nm and absence of 630
nm band in absorption spectrum. It should be empha-
sized that similar changes in the difference spectrum
can be provoked by simply increasing the pH of the
ferricyt c solution from pH 7 to pH 12 the so-called
‘alkaline transition’ of ferricyt c from state III to
w x.state IV 23 .
As discussed above the polyanions of the second
 .27y .group KAs W O and also Nafion exhibit a4 40 140
pronounced effect on structure of ferricyt c in com-
parison with the first group e.g., heparin, polygluta-
.mate . This raises a question as to whether this
difference does not reside in some different nature of
interaction. This was also the reason for our investi-
gation into the formation of the ferricyt c-Nafion
complex in a high ionic strength medium. The smaller
change in the difference absorption spectrum and in
the CD spectrum, together with a diminished depen-
dence of calorimetric enthalpy on Nafion concentra-
tion and the absence of the generation of the high
spin state of ferricyt c indicate that the interaction
between Nafion and ferricyt c is only partially weak-
ened probably due to the suppression of the electro-
.static part of interaction and suggest the existence of
another type of interaction — hydrophobic interac-
tion andror hydrogen bonding — between ferricyt c
and Nafion.
In this paper we discussed the interaction of ferri-
cyt c with the polyanion Nafion, where we supposed
the involvement of an interaction of non-coulombic
nature — hydrophobic orrand H-bonding. These
interactions might also play a role in protein–protein
and protein–lipid interactions, especially in the case
of cyt c as a peripheral membrane protein. From this
point of view it is interesting to observe that ferro-
cytochrome c also forms a complex with cytochrome
c peroxidase in high ionic strength more than 0.5 M
. w xKCl 24 . These observations are in agreement with
the model for electron transfer reactions of cyt c with
w xcyt c oxidase and cyt c reductase 22 .
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